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The following 30 figures present simulations of resonator-induced polarization in systems
consisting of 3, 4, or 5 dipole-dipole coupled H nuclei. Structures containing carbon, nitrogen,
oxygen, and either 3, 4, or 5 hydrogen atoms were randomly selected from the Cambridge
Structural Database (CSD),1 and the secular Hamiltonian HD that governs dipolar inter-
actions between H nuclei was calculated for the selected structures, using the coordinates
provided in the database. For each structure, two simulations of mechanical cooling were
performed; one of these used HD as the spin Hamiltonian, while the other used HD + HCS,
where HCS is the chemical-shift Hamiltonian. Rather than trying to estimate the anisotropic
chemical shifts for these structures, we assigned chemical shifts randomly within a range of
0 - 10 ppm, in order to roughly characterize the way in which the presence of HCS can affect
the relaxation in systems of a few dipole-dipole coupled spins. Specifically, the respective
chemical-shift Hamiltonians for the 3-spin, 4-spin, and 5-spin systems were
HCS,3 =
(
ω0 × 10−6
)
(8.1 I1z + 9.1 I2z + 1.3 I3z) ,
HCS,4 =
(
ω0 × 10−6
)
(9.1 I1z + 6.3 I2z + 1.0 I3z + 2.8 I4z) ,
HCS,5 =
(
ω0 × 10−6
)
(9.6 I1z + 4.9 I2z + 8.0 I3z + 1.4 I4z + 4.2 I5z) ,
where ω0/2pi = 600 MHz, and where the spins were numbered according to the order in
which they are listed in the database entry for the structure.
Simulations were performed as described in Sec. IX of the accompanying paper, using
an initial state in which the spins were completely disordered, i.e., an initial density matrix
proportional to the identity. The resonator temperature was Th = 0 K, and the rate constant
for spontaneous emission was R0 = 1.0 s
−1 . In each figure, the red curve shows the relaxation
of 〈Iz〉 when only the dipolar coupling is present, while the blue curve corresponds to case
where the spin Hamiltonian is HD +HCS . A curve showing ideal exponential relaxation
toward full polarization with rate constant R0 is shown in black in each figure for purposes
of comparison with the simulated relaxation. Each plot is labelled with the CSD reference
of the structure used.
1F. H. Allen, Acta Crystallogr. Sect. B - Struct. Sci. 58, 380 (2002).
1
3-spin simulations
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4-spin simulations
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5-spin simulations
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